Sesquiterpenoids are the characteristic secondary metabolites of the Asteraceae family.
Sesquiterpenoids are the characteristic secondary metabolites of the Asteraceae family. 1) Some of them showed a wide range of biological and pharmacological properties including insect antifeedant, 2) anti-inflammatory activity, 3) antibacterial activity, 4) antimalarial activity, 5) cytotoxicity, 6) and nuclear factor kB (NF-kB) inhibition activity 7) etc. The investigation of the structure diversities, structure-activity relationships and biosynthetic approaches of the sesquiterpenoid constitutes in traditional Chinese medicines to screen for cytotoxic leads to drug has been the principal subject of our researchs. 8, 9) Ligularia fischeri (LEDEB.) TURCZ. (Asteraceae) has long been used as a folk medicine in China for the treatment of coughs, inflammations, jaundice, scarlet fever, rheumatoidal arthritis, and hepatic diseases. 10) In the mid1970s, Japanese researchers initially isolated furanoeremophilane-type sesquiterpenoids from this plant for the first time.
11) Subsequent phytochemical researches of this plant collected in different region have resulted in the isolation of many eremophilane-type lactones and norsesquiterpene derivatives. [12] [13] [14] Recently, we reported the structures of eremophilane dimers and an eremophilane lactam from this plant. 15, 16) This paper describes the isolation and structure elucidation of two sesquiterpenoid-geranylhydroquinone hybrids, namely fischerisin A (1) and fischerisin B (2), isolated from the roots of L. fischeri. To the best of our knowledge, these two compounds represent a kind of unprecedented sesquiterpenoid derivative. In addition, the in vitro cytotoxicity of both compounds against cultured human oral epidermoid carcinoma (KB) and human breast cancer (MCF-7) cell lines was also evaluated.
Results and Discussion
The petroleum ether (60-90°C)-Et 2 O-CH 3 OH (1 : 1 : 1) extract of the root of L. fischeri was chromatographed on a silica gel column with a gradient of hexane-acetone as eluent. After the sequential purification, fischerisin A (1) and fischerisin B (2) were finally obtained from the part of hexane-acetone (10 : 1). 16, 17) Hence, compound 1 was supposed to be a derivative of furanoligularenine. The HMBC correlations of H 3 respectively. Thus, the tetrasubstituted phenyl group was assigned to 2,5-dihydroxy-3-methylbenzoyl group (Fig. 1,  substructure 1b) . The 1 H-1 H COSY spectrum also established the spin systems from H-1Љ through H-2Љ and from H 2 -4Љ through H-6Љ (Fig. 1, substructure 1c) . In addition, the long rang coupling correlations of H 3 -9Љ to H-2Љ, and H 3 -8Љ and H 3 -10Љ to H-6Љ were also observed. The HMBC correlations of H 3 -9Љ (d H 1.58) to C-2Љ (d C 118.2) and C-4Љ (d C 38.8), and H 3 -8Љ (d H 1.49) and H 3 -10Љ (d H 1.61) to C-6Љ (d C 122.8) connected these two spin systems to a geranyl group which connected to two substitutes at C-1Љ simultaneously (Fig. 1, substructure 1c) 18) Furthermore, the nuclear Overhauser effect correlation spectroscopy (NOESY) also showed the correlations between H 3 -14 and H 3 -15. The absence of NOESY correlation between H 3 -14 and H-10 implied the trans-fused rings system in substructure 1a. The E configuration of the double bond between C-2Љ and C-3Љ in substructure 1c was assigned according to the correlation between H-2Љ and H 2 -4Љ in the NOESY spectrum. The absolute configuration of C-1Љ remains to be defined. Several investigations indicated that sesquiterpenoids could be converted to radicals under the condition of oxidation to form a dimmer in plants. 19, 20) Up to now, a few of sesquiterpenoid dimmers have been isolated from Asteraceae plants. 16, [19] [20] [21] Though, fischerisin A and B are the first representatives of a hybrid consisted of a sesquiterpenoid and a geranylhydroquinone moiety, to our knowledge.
Fischerisin A (1) was found to exhibit in vitro cancer cell cytotoxicity with IC 50 of 9.7 and 10.2 mM toward human oral epidermoid carcinoma (KB) and human breast cancer (MCF-7) cell lines respectively. Interestingly, furanoligularenine (3) isolated at the same time, possess no cytotoxicity (IC 50 Ͼ100 mM), suggesting that the presence of geranylhydroquinone moiety is a crucial structural requirement for the cytotoxic effect of fischerisin A on the cancer cell lines tested. Fischerisin B (2) also showed significant cytotoxicity against KB and MCF-7 with IC 50 of 9.8 and 17.8 mM. The IC 50 of control drug Doxorubicin were 1.65 and 0.82 mM for KB and MCF-7 cell lines.
Experimental
General Procedures Optical rotations were measured with a PerkinElmer 341 polarimeter. UV spectra were measured on Varian Cary 100 Scan UV-Visible spectrometer. IR spectra were obtained from a Nicolet NEXUS 470 Fourier transform (FT)-IR spectrometer in KBr plate. C1-Fr. C4). Subfraction Fr. C4 (with hexane/acetone 3 : 1; 7.6 g) was isolated by a silica gel CC (300-400 mesh; 80 g) with a hexane/EtOAc (10 : 1, 5 : 1, 3 : 1, v/v) gradient to give three subfraction (Fr. C1a-Fr. C1c). Fr. C1c (with hexane/EtOAc, 3 : 1; 1.5 g) was purified was subjected to silica gel CC (300-400 mesh; 20 g) with a hexane/EtOAc (5 : 1, v/v) elution to give a mixture. This mixture (62 mg) was further purified by a low pressure silica gel C-18 CC eluting with H 2 O/MeOH (3 : 2, v/v) to yield 1 (12 mg) and 2 (16 mg Table 1 .
Cytotoxicity Assay The cytotoxic activity of fischerisin A and fischerisin B was evaluated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Briefly, the purified tested compounds were initially dissolved in dimethyl sulfoxide (DMSO) to adjust its concentration for use in experiments. Human oral epidermoid carcinoma (KB) cells and human breast cancer (MCF-7) cells were seeded into 96-well culture plates (4-5ϫ10 3 per well) respectively. After incubation for 24 h, the cells were treated with various concentrations of tested compounds and incubated for pointed time. Then, MTT (5 mg/ml) was added to each well for 4 h, and the resulting crystals were dissolved in DMSO. Parallel controls consisted of deionized H 2 O with the same DMSO concentration. Optical density was measured by MTT assay. Triplicate experiments were conducted for each test.
